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Remote 16-bit I/O expander for Fm+ 12C-bus with interrupt and
reset

Rev. 2 — 29 September 2011 Product data sheet

E | PCA9673

1. General description

The PCA9673 provides general purpose remote I/O expansion for most microcontroller
families via the two-line bidirectional bus (I2C-bus) and is a part of the Fast-mode Plus
family.

The PCA9673 is a drop in upgrade for the PCF8575 providing higher Fast-mode Plus
(Fm+) I12C-bus speeds (1 MHz versus 400 kHz) so that the output can support PWM
dimming of LEDs, higher 12C-bus drive (30 mA versus 3 mA) so that many more devices
can be on the bus without the need for bus buffers, higher total package sink capacity
(400 mA versus 100 mA) that supports having all 25 mA LEDs on at the same time and
more device addresses (16 versus 8) are available to allow many more devices on the
bus without address conflicts.

The difference between the PCA9673 and the PCF8575 is that the A2 address pin is
replaced by a RESET input on the PCA9673.

The device consists of a 16-bit quasi-bidirectional port and an 12C-bus interface. The
PCA9673 has a low current consumption and includes latched outputs with 25 mA high
current drive capability for directly driving LEDs.

It also possesses an interrupt line (W) which can be connected to the interrupt logic of
the microcontroller. By sending an interrupt signal on this line, the remote I/O can inform
the microcontroller if there is incoming data on its ports without having to communicate via
the 12C-bus.

The internal Power-On Reset (POR), hardware reset pin (RESET) or software reset
sequence initializes the I/Os as inputs.

2. Features and benefits

1 MHz I12C-bus interface

Compliant with the 12C-bus Fast and Standard modes

SDA with 30 mA sink capability for 4000 pF buses

2.3 V1o 5.5 V operation with 5.5 V tolerant I/Os

16-bit remote 1/O pins that default to inputs at power-up

Latched outputs with 25 mA sink capability for directly driving LEDs
Total package sink capability of 400 mA

Active LOW open-drain interrupt output

16 programmable slave addresses using 2 address pins
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Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

B Low standby current
B 40 °C to +85 °C operation

B ESD protection exceeds 2000 V HBM per JESD22-A114 and 1000 V CDM per
JESD22-C101

B Latch-up testing is done to JEDEC standard JESD78 which exceeds 100 mA
B Packages offered: SO24, TSSOP24, HVQFN24, DHVQFN24

3. Applications

LED signs and displays

Servers

Industrial control

Medical equipment

PLCs

Cellular telephones

Gaming machines

Instrumentation and test measurement

4. Ordering information

Table 1.  Ordering information

Type number |Topside Package
mark Name Description Version

PCA9673D PCA9673D SO24 plastic small outline package; 24 leads; body width 7.5 mm SOT137-1

PCA9673PW PCA9673PW TSSOP24  plastic thin shrink small outline package; 24 leads; SOT355-1
body width 4.4 mm

PCA9673BQ 9673 DHVQFN24 plastic dual in-line compatible thermal enhanced very thin quad  SOT815-1
flat package; no leads; 24 terminals; body 3.5 x 5.5 x 0.85 mm

PCA9673BS 9673 HVQFN24 plastic thermal enhanced very thin quad flat package; no leads; SOT616-1
24 terminals; body 4 x 4 x 0.85 mm

PCA9673 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

5. Block diagram

PCA9673
— INTERRUPT
INT LOGIC LP FILTER
ADO
AD1
A A
P00 to P07
ScL INPUT 12C-BUS SHIFT | e e
FILTER CONTROL REGISTER |\N—"2/ PORT
SDA L P10to P17
F—
write pulse T
RESET *| POWER-ON n read pulse
Vbp RESET
Vss {
002aac300
Fig 1. Block diagram of PCA9673
Vbp
write pulse :A loH
100 pA
e
I'[rt(pu) { ZS
data from Shift Register D Q o |
FF ] N P00 to PO7
Lo JIOL P10to P17
S _,q N
power-on reset ! L Vss
D Q
FF
read pulse +i>_ cl s
| . .
data to Shift Register . —)D—’ to interrupt logic
0022ab631
Fig 2. Simplified schematic diagram of P00 to P17
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Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

6. Pinning information

6.1 Pinning

T
INT [ ] [24] Vop INT [1] [24] Vop
AD1 [2] 23] sDA AD1 [2] 23] sDA
RESET [3] [22] scL RESET [3] [22] scL
POO [4] [21] ADO P00 [4 ] 21] ADO
Po1 5| [20] P17 Po1 [5 | 20] P17
P02 [6 19] P16 P02 [6 19] P16
[e] PCA9673D [19] [e] PCA9673PW [19]
P03 [7| 18] P15 P03 [7 | 18] P15
P04 [8] [17] P14 P04 [8 | [17] P14
P05 [9 | [16] P13 P05 [9 | [16] P13
Po6 [10] [15] P12 P06 [10] [15] P12
P07 [11] [14] P11 P07 [11] [14] P11
Vss [12] [13] P10 Vss [12] [13] P10
002aac301 002aac302
Fig 3. Pin configuration for SO24 Fig 4. Pin configuration for TSSOP24
terminal 1 E 8
index area |Z -
F J @

_ W o< AD1 [ 2) (23] spba
Ite(;mlnaH wolk og 8 RESET [ 3) (22] scL
index area @@@@@@ P00 [2) @] Apo

Po1 [ 5) (0] P17
PoO [ 1) (18] Apo po2 [ 5) (i8] p1s
POt [2) @z] P17 p03 [ ) PCA9673BQ (] i
Po2 |3 16| P16
P03 % PCA9673BS % P15 P04 [ 8) @A7] P14
Po5 [ 9) (6] P13
P04 [5) (14| P14
Po6 [10) (5] P12
PO5 [ 6) @3] P13
@G Po7 [11) @14] P11
ARARAR Qe
8 IC\> n o ~ o
8 LA ada  002aac0s 3 = 002220306
> o
Transparent top view Transparent top view
Fig 5. Pin configuration for HVQFN24 Fig 6. Pin configuration for DHVQFN24
PCA9673 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

6.2 Pin description

Table 2.

Pin description

Symbol

INT
AD1
RESET
P00
PO1
P02
P03
P04
P05
P06
P07
Vss
P10
P11
P12
P13
P14
P15
P16
P17
ADO
SCL
SDA

Vbp

Pin

S024, TSSOP24,
DHVQFN24

1 22
2 23
3 24
4 1
5 2
6 3
7 4
8 5
9 6
10 7
11 8
1201 o
13 10
14 11
15 12
16 13
17 14
18 15
19 16
20 17
21 18
22 19
23 20
24 21

HVQFN24

Description

interrupt output (active LOW)

address input 1

reset input (active LOW)
quasi-bidirectional I/O 00
quasi-bidirectional I/O 01
quasi-bidirectional I/0O 02
quasi-bidirectional I/O 03
quasi-bidirectional I/O 04
quasi-bidirectional I/0O 05
quasi-bidirectional I/0O 06
quasi-bidirectional I/O 07
supply ground
quasi-bidirectional I/O 10
quasi-bidirectional I/O 11
quasi-bidirectional I/O 12
quasi-bidirectional I/O 13
quasi-bidirectional I/O 14
quasi-bidirectional I/O 15
quasi-bidirectional I/O 16
quasi-bidirectional I/O 17
address input 0

serial clock line input

serial data line input/output

supply voltage

[1] HVQFN24 and DHVQFN24 package die supply ground is connected to both the Vs pin and the exposed
center pad. The Vgg pin must be connected to supply ground for proper device operation. For enhanced
thermal, electrical, and board-level performance, the exposed pad needs to be soldered to the board using
a corresponding thermal pad on the board, and for proper heat conduction through the board thermal vias
need to be incorporated in the PCB in the thermal pad region.

PCA9673
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Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

7. Functional description

7.1

Refer to Figure 1 “Block diagram of PCA9673".

Device address

Following a START condition, the bus master must send the address of the slave it is
accessing and the operation it wants to perform (read or write). The address of the
PCA9673 is shown in Figure 7. Slave address pins AD1 and ADO choose 1 of 16 slave
addresses. To conserve power, no internal pull-up resistors are incorporated on AD1 and
ADO. Address values depending on AD1 and ADO can be found in Table 3 “PCA9673

address map”.

Remark: The General Call address (0000 0000b) and the Device ID address
(1111 100Xb) are reserved and cannot be used as device address. Failure to follow this
requirement will cause the PCA9673 not to acknowledge.

Remark: Reserved 12C-bus addresses must be used with caution since they can interfere
with:

* “reserved for future use” 12C-bus addresses (0000 011, 1111 101, 1111 110, 1111 111)
* slave devices that use the 10-bit addressing scheme (1111 0xx)
* High speed mode (Hs-mode) master code (0000 1xx)

slave address

A6 | A5 | A4 | A3 | A2 | A1 | A0 |[RW

rogrammabl
programmable 002aab636

Fig7. PCA9673 address

The last bit of the first byte defines the operation to be performed. When set to logic 1 a
read is selected, while a logic 0 selects a write operation.

When AD1 and ADO are held to Vpp or Vgs, the same address as the PCF8575 is applied.

7.1.1 Address maps

Table 3. PCA9673 address map

AD1 ADO A6 A5 A4 A3 A2 A1 A0 Address (hex)
SCL  Vss 0 0 1 0 1 0 0 28h

SCL  Vpp 0 0 1 0 1 0 1 2Ah

SDA  Vss 0 0 1 0 1 1 0 2Ch

SDA  Vpp 0 0 1 0 1 1 1 2Eh

SCL SCL o0 0 1 1 1 0 0 38h

SCL SDA 0 0 1 1 1 0 1 3Ah

SDA SCL 0 0 1 1 1 1 0 3Ch

SDA SDA 0 0 1 1 1 1 1 3Eh

PCA9673 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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PCA9673 address map ...continued

Table 3.

AD1 ADO
Vss Vss
Vss Vob
Voo Vss
Vbp Vbp
Ves  SCL
Vss  SDA
Vop  SCL
Voo  SDA

A6 A5 A4 A3 A2

O 0O 0o 0o o o o o
ala|alalal al ol -
O 0O o 0o o o o o
4 4 a4 4 0 o o o
S B N (U R R S B

>
-

-~ -~ O 0 = = o o

>
)

- O - O - O = O

Address (hex)
48h
4Ah
4Ch
4Eh
58h
5Ah
5Ch
5Eh

7.2 Software Reset call, and Device ID addresses
Two other different addresses can be sent to the PCA9673.

¢ General Call address: allows to reset the PCA9673 through the 12C-bus upon
reception of the right I12C-bus sequence. See Section 7.2.1 “Software Reset” for more
information.

Device ID address: allows to read ID information from the device (manufacturer, part
identification, revision). See Section 7.2.2 “Device ID (PCA9673 ID field)” for more
information.

Fig 8.

R/W

0

0

General Call address

002aac155

Fig 9.

0

R/W

Device ID address

002aab638

PCA9673

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2011. All rights reserved.

Product data sheet

Rev. 2 — 29 September 2011

7 of 33



NXP Semiconductors PCA9673

Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

7.2.1 Software Reset

PCA9673

The Software Reset Call allows all the devices in the [2C-bus to be reset to the power-up
state value through a specific formatted 12C-bus command. To be performed correctly, it
implies that the 12C-bus is functional and that there is no device hanging the bus.

The Software Reset sequence is defined as following:

1. A START command is sent by the 12C-bus master.

2. The reserved General Call 2C-bus address ‘0000 000’ with the R/W bit set to 0 (write)
is sent by the 12C-bus master.

3. The PCA9673 device(s) acknowledge(s) after seeing the General Call address
‘0000 0000’ (00h) only. If the R/W bit is set to 1 (read), no acknowledge is returned to
the 12C-bus master.

4. Once the General Call address has been sent and acknowledged, the master sends
1 byte. The value of the byte must be equal to 06h.

a. The PCA9673 acknowledges this value only. If the byte is not equal to 06h, the
PCA9673 does not acknowledge it.

If more than 1 byte of data is sent, the PCA9673 does not acknowledge any more.

5. Once the right byte has been sent and correctly acknowledged, the master sends a
STOP command to end the Software Reset sequence: the PCA9673 then resets to
the default value (power-up value) and is ready to be addressed again within the
specified bus free time. If the master sends a Repeated START instead, no reset is
performed.

The 12C-bus master must interpret a non-acknowledge from the PCA9673 (at any time) as
a ‘Software Reset Abort’. The PCA9673 does not initiate a reset of its registers.

The unique sequence that initiates a Software Reset is described in Figure 10.

SWRST Call I2C-bus address SWRST data = 06h
sjojojojojo]JojJojo|JAjO]jOjOjOjO]1]1]JO]JA]P
t
START condition R/W acknowledge
from slave(s)
acknowledge

from slave(s) .
PCA9673 is(are) reset.
Registers are set to default power-up values.

002aac307

Fig 10. Software Reset sequence

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

7.2.2 Device ID (PCA9673 ID field)

PCA9673

The Device ID field is a 3-byte read-only (24 bits) word giving the following information:

* 8 bits with the manufacturer name, unique per manufacturer (for example,

NXP Semiconductors).

* 13 bits with the part identification, assigned by manufacturer, the 7 MSBs with the

category ID and the 6 LSBs with the feature ID (for example, PCA9673 16-bit
quasi-output 1/0 expander).

* 3 bits with the die revision, assigned by manufacturer (for example, Rev X).
The Device ID is read-only, hardwired in the device and can be accessed as follows:

1. START command
. The master sends the Reserved Device ID [2C-bus address ‘1111 100’ with the R/W

bit set to 0 (write).

. The master sends the 12C-bus slave address of the slave device it needs to identify.

The LSB is a ‘Don’t care’ value. Only one device must acknowledge this byte (the one
that has the 12C-bus slave address).

. The master sends a Re-START command.

Remark: A STOP command followed by a START command will reset the slave state
machine and the Device ID read cannot be performed.

Remark: A STOP command or a Re-START command followed by an access to
another slave device will reset the slave state machine and the Device ID read cannot
be performed.

. The master sends the Reserved Device ID [2C-bus address ‘1111 100’ with the R/W

bit set to 1 (read).

. The device ID read can be done, starting with the 8 manufacturer bits (first byte +

4 MSB of the second byte), followed by the 13 part identification bits and then the
3 die revision bits (3 LSB of the third byte).

. The master ends the reading sequence by NACKing the last byte, thus resetting the

slave device state machine and allowing the master to send the STOP command.

Remark: The reading of the Device ID can be stopped anytime by sending a NACK
command.

Remark: If the master continues to ACK the bytes after the third byte, the PCA9673
rolls back to the first byte and keeps sending the Device ID sequence until a NACK
has been detected.

For the PCA9673, the Device ID is as shown in Figure 11.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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manufacturer | 0 0 0 0 0 0 0 0
part identification| 0 0 0 0 0 0 1 0 0 0 1 0 0
category identification feature identification
revision| 0 0 0
002aac333

Fig 11. PCA9673 ID

acknowledge from one
or several slave(s)

acknowledge from

slave to be identified

acknowledge from

device ID address don't care slave to be identifiid
S|1]11|]1]1]0]0]0]|A]|A6JAS|A4]A3|A2|AT|AO| X |Al 11|11 ]1|]OJO]1]A]-""
4 . 4
- — 12C-bus slave address of device ID address —

START condition RW " the device to be identified RW
acknowledge acknowledge no acknowledge
from master from master from master

««« [M7|M6|M5|M4|M3[M2]M1|MO| A |Ce|C5|C4]|c3|ce|ct1|co|Fs| A [F4|P3|P2|P1|PO|R2|R1|RO| A | P

%(_/
_I category identification revision = 000
manufacturer name = 0000001
= 00000000 feature identification STOP
= 000100 condition
002aac334

If more than 2 bytes are read, the slave device loops back to the first byte (manufacturer byte) and

keeps sending data until the master generates a ‘no acknowledge’.

Fig 12. Device ID field reading

All information provided in this document is subject to legal disclaimers.
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Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

8. 1/0 programming

8.1

8.2

PCA9673

Quasi-bidirectional I/0O architecture

The PCA9673’s 16 ports (see Figure 2) are entirely independent and can be used either
as input or output ports. Input data is transferred from the ports to the microcontroller in
the Read mode (see Figure 15). Output data is transmitted to the ports in the Write mode

(see Figure 14).

Every data transmission from the PCA9673 must consist of an even number of bytes, the
first byte will be referred to as P07 to P00, and the second byte as P17 to P10. The third
will be referred to as P07 to P00, and so on.

This quasi-bidirectional 1/0 can be used as an input or output without the use of a control
signal for data directions. At power-on the 1/Os are HIGH. In this mode only a current
source (lon) to Vpp is active. An additional strong pull-up to Vpp (lytpy)) allows fast rising
edges into heavily loaded outputs. These devices turn on when an output is written HIGH,
and are switched off by the negative edge of SCL. The I/Os should be HIGH before being
used as inputs. After power-on, as all the I/Os are set HIGH, all of them can be used as
inputs. Any change in setting of the I/Os as either inputs or outputs can be done with the
write mode.

Remark: If a HIGH is applied to an I/0O which has been written earlier to LOW, a large
current (o) will flow to Vgs.

Writing to the port (Output mode)

To write, the master (microcontroller) first addresses the slave device. By setting the last
bit of the byte containing the slave address to logic 0 the Write mode is entered. The
PCA9673 acknowledges and the master sends the first data byte for P07 to P0O. After the
first data byte is acknowledged by the PCA9673, the second data byte P17 to P10 is sent
by the master. Once again, the PCA9673 acknowledges the receipt of the data. Each 8-bit
data is presented on the port lines after it has been acknowledged by the PCA9673.

The number of data bytes that can be sent successively is not limited. After every two
bytes, the previous data is overwritten.

The first data byte in every pair refers to Port 0 (P07 to P00), whereas the second data
byte in every pair refers to Port 1 (P17 to P10). See Figure 13.

first byte second byte
1 1 1 1 1 1 1 1 1 1 1 1 1 1
07 06 05 04 03 02 01 O0O0O| A |17 16 15 14 13 12 11 10| A
1 1 1 1 1 1 1 1 1 1 1 1 1 1
P07 P06 P05 P04 P03 P02 P01 POO P17 P16 P15 P14 P13 P12 P11 P10

002aab634

Fig 13. Correlation between bits and ports
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SDA

Fig 14.

slave address data to port 0 data to port 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
P'P p'p'piplp P p'pipipiplp
S [A6 AS A4 A3 A2 AT AO| 0 [Alo7 06, ' 04,0302 01,00 Afi7 1 15 14 13 12 11 10fA
wl P
START condition R/W P05 P16 acknowledge
acknowledge acknowledge from slave
from slave from slave
write to port
4>‘ [— tV(Q) 4>‘ [— tV(Q)
data output from port data AO and BO valid data AO and BO valid
P05 output voltage I
LA
P05 pull-up output current hrt(pu) |_| L
T loH
}
P16 output voltage I
v
P16 pull-up output current hrt(pu) |_| L
T ¥ lon
NT I
(s - 0022ab632
Write mode (output)

PCA9673

8.3 Reading from a port (Input mode)

All ports programmed as input should be set to logic 1. To read, the master
(microcontroller) first addresses the slave device after it receives the interrupt. By setting
the last bit of the byte containing the slave address to logic 1 the Read mode is entered.
The data bytes that follow on the SDA are the values on the ports. If the data on the input
port changes faster than the master can read, this data may be lost.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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SCL
POx P1x POx P1x
SDA
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S |A6 A5 A4 A3 A2 A1 AO|1|A DATA 00 A DATA 11 A DATA 00 A DATA 12 1]1P
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4
START condition R/W acknowledge acknowledge acknowledge no acknowledge
acknowledge from master from master from master from master
from slave
read from port 0
data into port 0 DATA 00
read from port 1
data into port 1 DATA 10 X DATA 11 X DATA12

L td(rst)

1 1

002aac312

Transfer of data can be stopped at any moment by a STOP condition. When this occurs, data present at the latest acknowledge phase is valid (output mode).

Fig 15. Read input port register, scenario 1
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SCL
POx P1x POx P1x
SDA
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S |A6 A5 A4 A3 A2 A1 AO|1|A DATA 00 A DATA 10 A DATA 03 A DATA 12 1]P
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
f
START condition R/W acknowledge acknowledge acknowledge no acknowledge
acknowledge from master from master from master from master
from slave
read from port 0
thoy— |- tsu(D) |
data into port 0 DATA 00 DATA 01 DATA 02 DATA 03
th(D) |
read from port 1
| tsup)—™
data into port 1 DATA 10 DATA 11 DATA12
o) - - e ta(rst) 00222313

Transfer of data can be stopped at any moment by a STOP condition. When this occurs, data present at the latest acknowledge phase is valid (output mode).

Fig 16. Read input port register, scenario 2
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8.4

8.5

8.6

PCA9673

Remote 16-bit I/O expander for Fm+ I2C-bus with interrupt and reset

Power-on reset

When power is applied to Vpp, an internal Power-On Reset (POR) holds the PCA9673 in
a reset condition until Vpp has reached Vpog. At that point, the reset condition is released
and the PCA9673 registers and 12C-bus/SMBus state machine will initialize to their default
states. Thereafter Vpp must be lowered below 0.2 V to reset the device.

Interrupt output (ﬁ)

The PCA9673 provides an open-drain interrupt (INT) which can be fed to a corresponding
input of the microcontroller (see Figure 15, Figure 16, and Figure 17). This gives these
chips a kind of master function which can initiate an action elsewhere in the system.

An interrupt is generated by any rising or falling edge of the port inputs. After time tp the
signal INT is valid.

The interrupt disappears when data on the port is changed to the original setting or data is
read from or written to the device which has generated the interrupt.

In the write mode, the interrupt may become deactivated (HIGH) on the rising edge of the
write to port pulse. On the falling edge of the write to port pulse the interrupt is definitely
deactivated (HIGH).

The interrupt is reset in the read mode on the rising edge of the read from port pulse.

During the resetting of the interrupt itself, any changes on the I/Os may not generate an
interrupt. After the interrupt is reset any change in I/Os will be detected and transmitted as
an INT.

Vop device 1 device 2 device 8
PCA9673 PCA9673 PCA9673
MICROCOMPUTER - - o
INT INT INT
W l l —_—— —
002aac308

Fig 17. Application of multiple PCA9673s with interrupt

RESET input

A reset can be accomplished by holding the RESET pin LOW for a minimum of tyst). The
PCA9673 registers and 12C-bus state machine will be held in their default state until the
RESET input is once again HIGH.
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9. Characteristics of the 12C-bus

9.

PCA9673

9.1

1.1

9.2

The I12C-bus is for 2-way, 2-line communication between different ICs or modules. The two
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up resistor when connected to the output stages
of a device. Data transfer may be initiated only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the HIGH period of the clock pulse as changes in the data line at this time
will be interpreted as control signals (see Figure 18).

SDA / X \
SCL _ S o \

data line change
stable; of data
data valid allowed mba607

Fig 18. Bit transfer

START and STOP conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW
transition of the data line while the clock is HIGH is defined as the START condition (S).
A LOW-to-HIGH transition of the data line while the clock is HIGH is defined as the STOP
condition (P) (see Figure 19).

—

SDA --_‘_\ /_

o\

[ —1 [ —1

r——"
|
|
|
|
|

-
I
I
|
I
|
I
I
I

START condition STOP condition
mba608

Fig 19. Definition of START and STOP conditions

System configuration

A device generating a message is a ‘transmitter’; a device receiving is the ‘receiver’. The
device that controls the message is the ‘master’ and the devices which are controlled by
the master are the ‘slaves’ (see Figure 20).
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SDA
scL l ] ] ] | |
TRM\JASSMTII'El'ﬁER/ SLAVE TRAsgf\\AYTETER/ MASTER TF{Al\f\lASSIVITII'EI"FIEER/ 12C-BUS
RECEIVER
RECEIVER C RECEIVER TRANSMITTER RECEIVER MULTIPLEXER
SLAVE cee

Fig 20. System configuration

002aaa966

9.3 Acknowledge

PCA9673

The number of data bytes transferred between the START and the STOP conditions from
transmitter to receiver is not limited. Each byte of eight bits is followed by one
acknowledge bit. The acknowledge bit is a HIGH level put on the bus by the transmitter,
whereas the master generates an extra acknowledge related clock pulse.

A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. Also a master must generate an acknowledge after the reception of each byte
that has been clocked out of the slave transmitter. The device that acknowledges has to
pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable
LOW during the HIGH period of the acknowledge related clock pulse; set-up and hold
times must be taken into account.

A master receiver must signal an end of data to the transmitter by not generating an
acknowledge on the last byte that has been clocked out of the slave. In this event, the
transmitter must leave the data line HIGH to enable the master to generate a STOP
condition.

_|
|
—

ot N\ YT

not acknowledge

data output \ /
by receiver
acknowledge
SCL from master | | 1 5 M
S
L_J clock pulse for —T
START acknowledgement
condition 002222987

Fig 21. Acknowledgement on the 12C-bus
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10. Application design-in information

10.1

10.2

Bidirectional I/O expander applications

In the 8-bit I/O expander application shown in Figure 22, PO0 and P01 are inputs, and P02
to PO7 are outputs. When used in this configuration, during a write, the input (P00 and
P01) must be written as HIGH so the external devices fully control the input ports. The
desired HIGH or LOW logic levels may be written to the 1/Os used as outputs (P02 to
PQ7). During a read, the logic levels of the external devices driving the input ports (P00
and P01) and the previous written logic level to the output ports (P02 to P07) will be read.

The GPIO also has an interrupt line (INT) that can be connected to the interrupt logic of
the microprocessor. By sending an interrupt signal on this line, the remote 1/O informs the
microprocessor that there is incoming data or a change of data on its ports without having
to communicate via the 12C-bus.

Vbp
Vbp
Vbp
| 9
SDA POO [«— temperature sensor
CORE » SCL P01 j«— battery status
PROCESSOR INT P02 |—» control for latch

RESET P03 |— control for switch
P04 |— control for audio
P05 |— control for camera

ADO P06 |—» control for MP3
f AD1 P07

Fig 22. Bidirectional I/O expander application

002aac310

High current-drive load applications

The GPIO has a maximum sinking current of 25 mA per bit. In applications requiring
additional drive, two port pins in the same octal may be connected together to sink up to
50 mA current. Both bits must then always be turned on or off together. Up to 8 pins (one
octal) can be connected together to drive 200 mA.

Vbb
Vbb Vbb
SDA P00 [¢«—>
CORE »|SCL POT je—»
PROCESSOR INT P02 [«—>
» RESET P03 [«—> LOAD
P04 j«—»
P05 [«—»
— ADO P06
+—{ AD1 P07
7 /J7 002aac311
Fig 23. High current-drive load application
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10.3 Differences between the PCA9673 and the PCF8575

The PCA9673 is a drop in replacement for the PCF8575 and can used without electrical
or software modifications, but there is a difference in interrupt output release timing during
the read operation.

Write operations are identical. At the completion of each 8-bit write sequence the data is
stored in its associated 8-bit write register at ACK or NACK. The first byte goes to POn
while the second goes to P1n. Subsequent writes without a STOP wrap around to POn
then P1n again. Any write will update both read registers and clear interrupts.

Read operations are identical. Both devices update the byte register with the pin data as
each 8-bit read is initiated, the very first read after an address cycle corresponds to ports
POn while the second (even byte) corresponds to P1n and subsequent reads without a
STOP wrap around to POn then P1n again.

During read operations, the PCA9673 interrupt output will be cleared in a byte-wise
fashion as each byte is read. Reading the first byte will clear any interrupts associated
with the POn pins. This first byte read operation will have no effect on interrupts associated
with changes of state on the P1n pins. Interrupts associated with the P1n pins will be
cleared when the second byte is read. Reading the second byte has no effect on
interrupts associated with the changes of state on the POx pins. The PCF8575 interrupt
output will clear after reading both bytes of data regardless of whether data was changed
in the first byte or the second byte or both bytes.

11. Limiting values

Table 4. Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min Max Unit
Vpp supply voltage -0.5 +6 \"
Ibp supply current - +100 mA
Iss ground supply current - +600 mA
V| input voltage Vgs—-05 55 \"

I input current - +20 mA
lo output current - +5001 mA
Piot total power dissipation - 600 mwW
P/out power dissipation per output - 200 mwW
Tstg storage temperature -65 +150 °C
Tamb ambient temperature operating -40 +85 °C

[1] Total package (maximum) output current is 600 mA.

PCA9673
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12. Static characteristics

Vpp=23V1t055V;Vss=0V, Tomp =—40 °C to +85 °C; unless otherwise specified.

Table 5.  Static characteristics
Symbol Parameter

Supplies

Vpp supply voltage

Ipp supply current

Isto standby current

Vpor power-on reset voltage
Input SCL; input/output SDA

Vi LOW-level input voltage
ViH HIGH-level input voltage
loL LOW-level output current
I leakage current

G input capacitance

1/0s; P00 to P07 and P10 to P17

loL LOW-level output current

loL tot) total LOW-level output current
lon HIGH-level output current

lirt(pu) transient boosted pull-up current
G input capacitance

Co output capacitance

Interrupt INT

loL LOW-level output current
Co output capacitance
Input RESET

Vi LOW-level input voltage
ViH HIGH-level input voltage
I input leakage current

G input capacitance
Inputs ADO, AD1

Vi LOW-level input voltage
Viy HIGH-level input voltage
I input leakage current

G input capacitance

Conditions

operating mode; no load;
V) = Vpp or Vss; fsgL = 400 kHz

standby mode; no load;
V= Vpp or Vss

—

VoL=0.4V;Vpp=23V
VoL =0.4V; Vpp=3.0V
VoL=04V;Vpp=45V
V| = Vpp or Vgg

V)= Vss

)

VoL=05V;Vpp=23V
VoL =0.5V; Vpp=3.0V
VoL=05V;Vpp =45V
VoL=0.5V; Vpp =45V
Vou = Vss

Von = Vss; see Figure 14

(IR IS

VoL =04V

Min

2.3

0.5
0.7Vpp
20

25

30

05
0.7Vop
-1

Typ

200
25

1.8

27
35
42

-150
-1.0

Max

5.5
500

10

2.0

+O-3VDD
5.5

+1

10

400
-300

10
10

+0.8
55

+1

+0.3Vpp
5.5

+1

5

Unit

pA

pA

<

mA
mA
mA
pA
pF

mA
mA
mA
mA
pA
mA
pF
pF

mA
pF

pA
pF

< <

pA
pF

[1]1 The power-on reset circuit resets the 12C-bus logic with Vpp < Vpog and set all I/Os to logic 1 (with current source to Vpp).

PCA9673
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[2] Each bit must be limited to a maximum of 25 mA and the total package limited to 400 mA due to internal busing limits.

[8] The value is not tested, but verified on sampling basis.

13. Dynamic characteristics

Table 6. Dynamic characteristics
Vpp=2.3V1t055V;Vss=0V; Tamp =40 °C to +85 °C; unless otherwise specified.

Symbol Parameter Conditions Standard mode | Fast mode 12C-bus Fast-mode |Unit
I12C-bus Plus I2C-bus
Min Max Min Max Min Max
fscL SCL clock frequency 0 100 0 400 0 1000 kHz
tBUF bus free time between a 4.7 - 1.3 - 0.5 - us
STOP and START condition
tup:sTa  hold time (repeated) START 4.0 - 0.6 - 0.26 - us
condition
tsu:sTa  set-up time for a repeated 4.7 - 0.6 - 0.26 - us
START condition
tsu:sto  set-up time for STOP 4.0 - 0.6 - 0.26 - us
condition
tup.par  data hold time 0 - 0 - 0 - ns
tvp.ack  data valid acknowledge time o 03 3.45 0.1 0.9 0.05 045 s
tvo.par  data valid time 2 300 - 50 - 50 450 ns
tsu.par  data set-up time 250 - 100 - 50 - ns
tLow LOW period of the SCL clock 4.7 - 1.3 - 0.5 - us
tHIGH HIGH period of the SCL 4.0 - 0.6 - 0.26 - us
clock
t fall time of both SDA and [4115] - 300 20+ 0.1C,l81 300 - 120 ns
SCL signals
tr rise time of both SDA and - 1000 20 +0.1C,EBl 300 - 120 ns
SCL signals
tsp pulse width of spikes that 1] - 50 - 50 - 50 ns
must be suppressed by the
input filter
Port timing; C < 100 pF (see Figure 14 and Figure 15)
tvQ) data output valid time - 4 - 4 - 4 us
tsup) data input set-up time 0 - 0 - 0 - us
thp) data input hold time 4 - 4 - - us
Interrupt timing; C_ < 100 pF (see Figure 14 and Figure 15)
tv(p) data input valid time - 4 - 4 - 4 us
tarst) reset delay time - 4 - 4 - 4 us
Reset timing (see Figure 25)
tw(rst) reset pulse width 4 - 4 - 4 - ns
trec(rst) reset recovery time 0 - 0 - 0 - ns
trst reset time 100 - 100 - 100 - ns

[11 tvp:ack = time for Acknowledgement signal from SCL LOW to SDA (out) LOW.
[2] typ:paT = minimum time for SDA data out to be valid following SCL LOW.
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[38] Cp = total capacitance of one bus line in pF.

[4] A master device must internally provide a hold time of at least 300 ns for the SDA signal (refer to the V|_ of the SCL signal) in order to
bridge the undefined region SCL's falling edge.

[5] The maximum t; for the SDA and SCL bus lines is specified at 300 ns. The maximum fall time for the SDA output stage t; is specified at
250 ns. This allows series protection resistors to be connected between the SDA and the SCL pins and the SDA/SCL bus lines without
exceeding the maximum specified t;.

[6] Input filters on the SDA and SCL inputs suppress noise spikes less than 50 ns.

START bit 7 . . STOP
protocol condition MSB 226? (E‘I/tWO) acknc()xv)ledge condition
(S) (A7) (P)
tsu;sTA fLow tHIGH
| 1/fscL—*

/ ‘\ _\\ /‘ ‘\ }z 0.7 x Vpp
N T\ / \ / 0.3 x Vpp
\Kf \ \ /—0.7 x Vpp
] \_ / / —0.3xVpp

tHD:STA tSU:DAT  tHD:DAT tvD;DAT tvp,ACK  tsu;sTO
002aab175

Rise and fall times refer to V,_and Vu.
Fig 24. 12C-bus timing diagram
START ACK or read cycle

A N
oA \o / '

trst —>
RESET 50 % 50 % 50 %
trec(rst)
tw(rst) g -
—trst —>
” d 50 %
POn, P1n o
, / output off
002aac282
Fig 25. Reset timing
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14. Package outline

S024: plastic small outline package; 24 leads; body width 7.5 mm SOT137-1
D -~ F
- X
= \ - \\ >
/ N\
I S N | D S gy g g — : }
{ R\
— — I I I I I 1 1 — — c— T /
bl ) N
O] g SO0
ATZ
T HHHHHHHHHHHm
|
¥
. T q
_ | _ _ _ _ _ _ _ Az
e Al _\ b
' '
pin 1 index * *
— 0
7 — Lp % f
! j:‘ | 12
w
(e~ =
0 5 10 mm
L I | I |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | | At | Az | As | bp c DM | EM| e He L Lp Q v w y zM | o
0.3 | 2.45 0.49 | 0.32 | 156 | 7.6 10.65 11 | 11 0.9
2.
mm 65| 01 | 225 | 9% | 036 | 023 | 152 | 74 | 27 [1000| 14 | 04 | 10 [ 025|025 | 01 | oY 8°
o
) 0.012 | 0.096 0.019 | 0.013 | 0.61 | 0.30 0.419 0.043 | 0.043 0.035| O
h 0.1
inches 0.004 | 0089 | %01 | 0.014 | 0.009| 060 | 0.29 | 95 | 0.:394 | 0955 | 0016 | 0.039 | 001 | 001 | 00041 516
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT137-1 075E05 MS-013 = @ 0939_022_21 :

Fig 26. Package outline SOT137-1 (S024)
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TSSOP24: plastic thin shrink small outline package; 24 leads; body width 4.4 mm SOT355-1

D | ~ E—p—A]
O LS
Ol ] H He ~ =[v®|A]

T
Az
| pintindex | [ A1
Q/ i:{j_\ *\:e

REEEE L T
Mo !

DIMENSIONS (mm are the original dimensions)

A 1 2 1
UNIT | o | A1 | A2 | As | bp c | DM | E@ | e He L Lp Q v w y zM| ¢
0.15 | 0.95 030 | 02 | 7.9 | 45 6.6 075 | 0.4 05 | 8°
mmo 1t 005 | 0o | %% | ot9 | 04 | 77 | 43 | 9% 62 ' loso| 03 | 02018 ) 01} g5 | go

Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.

OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION

SOT355-1 MO-153 = @ 0939_022_21 :

ISSUE DATE

Fig 27. Package outline SOT355-1 (TSSOP24)
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HVQFN24: plastic thermal enhanced very thin quad flat package; no leads;

24 terminals; body 4 x 4 x 0.85 mm SOT616-1
D [B] [A
|
|
terminal 1 ——_ ‘ T
index area ‘
A
Ay
—— . ¥ ;
i
|
|
- ~fiEe
>([e]~ ‘ b @] v@[C[A[B] a1y}
Y 7 ‘ | T 12 S| w®™|C
U RURVIIVAY
13
d 6 { é
- | =R
) | =
B ot — -1 =] - —--
D) (.
| .
D) ‘ (- / \
1 / \
- ‘ — 18 f )
‘ \
/
terminal 1 ﬂ ﬂ ﬂ 1 ﬂ ﬂ ﬂ \ Y
index area 24 19 ~ o X
Dy
0 25 5 mm
L | I | |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT| | A b c DM | b, | EM| Ep e e1 | e L v | w y V1
0.05 | 0.30 41 225 | 41 | 225 0.5
mm 1 0.00 | 0.18 0.2 39 195| 39| 195 0.5 25 25 0.3 0.1 |0.05 | 0.05 | 0.1
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT616-1 MO-220 = @ 02-10-22

Fig 28. Package outline SOT616-1 (HVQFN24)
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